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Abstract
In the present work, we reconstruct different f(T )-gravity models corresponding
to the original and entropy-corrected version of the holographic and new agegraphic
dark energy models. We also obtain the equation of state parameters of the cor-
responding f(T )-gravity models. We conclude that the holographic and new age-
graphic f(T )-gravity models behave like phantom or quintessence model. Whereas
in the entropy-corrected models, the equation of state parameter can justify the
transition from the quintessence state to the phantom regime as indicated by the
recent observations.
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1 Introduction
Recent observational data coming from type Ia supernovae (SNeIa) surveys, large scale
structure (LSS), and the cosmic microwave background (CMB) anisotropy spectrum
points toward the picture of a spatially flat universe undergoing an accelerated expansion
driven by a dominant negative pressure fluid, typically referred to as dark energy (DE)
[1]. It is shown that DE takes up about two-thirds of the total energy density from cosmic
observations. Although the nature and cosmological origin of DE is still enigmatic at the
present, a great variety of models have been proposed to describe the DE (for review see
[2, 3]). Two promising candidates are the holographic DE (HDE) [4] and the agegraphic
DE (ADE) [5] models which are originated from some considerations of the features of
the quantum theory of gravity.
The HDE model is motivated from the holographic principle [6]. Following Guberina et
al. [7], the HDE density can be derived from the entropy bound. In the thermodynamics of
the black hole [8], there is a maximum entropy in a box of size L, namely, the Bekenstein-
Hawking entropy bound SBH ∼M2PL2, which scales as the area of the box A ∼ L2, rather
than the volume V ∼ L3. Here MP is the reduced Planck Mass M−2P = 8πG. Also for
a macroscopic system in which self-gravitation effects can be disregarded, the Bekenstein
entropy bound SB is given by the product of the energy E ∼ ρΛL3 and the length scale
(IR cut-off) L of the system. Here ρΛ is the quantum zero point energy density caused
by the UV cut-off Λ. Requiring SB ≤ SBH, namely EL ≤ M2PL2, one has ρΛ ≤ M2PL−2.
If the largest cut-off L is taken for saturating this inequality, we get the energy density of
the HDE as
ρΛ = 3c
2M2PL
−2, (1)
where c is a numerical constant. Recent observational data, which have been used to
constrain the HDE model, show that for the non-flat universe c = 0.815+0.179
−0.139 [9], and for
the flat case c = 0.818+0.113
−0.097 [10]. Li [4] showed that the cosmic coincidence problem can be
resolved by inflation in the HDE model, providing the minimal number of e-foldings. The
HDE models have been studied widely in the literature [11, 12, 13, 14, 15]. Indeed, the
definition and derivation of the HDE density depends on the entropy-area relationship
SBH = A/(4G), where A ∼ L2 is the area of horizon. However, this definition can be
modified by the inclusion of quantum effects, motivated from the loop quantum gravity
(LQG). These quantum corrections provided to the entropy-area relationship lead to the
curvature correction in the Einstein-Hilbert action and vice versa [16]. The corrected
entropy takes the form [17]
SBH =
A
4G
+ α˜ ln
A
4G
+ β˜, (2)
where α˜ and β˜ are dimensionless constants of order unity. Determination of the exact
values of these constants is still an open issue in quantum gravity. These corrections
arise in the black hole entropy in the LQG due to thermal equilibrium fluctuations and
quantum fluctuations [18]. Taking the corrected entropy-area relation (2) into account,
and following the derivation of the HDE (especially the one shown in [7]), the energy
density of the HDE will be modified. On this basis, Wei [19] proposed the energy density
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of the so-called “entropy-corrected HDE” (ECHDE) in the form
ρΛ = 3c
2M2PL
−2 + αL−4 ln(M2PL
2) + βL−4, (3)
where α and β are dimensionless constants of order unity. In the special case α = β = 0,
the above equation yields the well-known HDE density (1). Since the last two terms in
Eq. (3) can be comparable to the first term only when L is very small, the corrections
make sense only at the early stage of the universe. When the universe becomes large, the
ECHDE reduces to the ordinary HDE model. The ECHDE models have arisen a lot of
enthusiasm recently and have examined in ample detail by [20].
The ADE model is originated from the uncertainty relation of quantum mechanics
together with the gravitational effect in general relativity (GR). The ADE model assumes
that the observed DE comes from the spacetime and matter field fluctuations in the uni-
verse. Following the line of quantum fluctuations of spacetime, Karolyhazy et al. [21]
discussed that the distance t in Minkowski spacetime cannot be known to a better accu-
racy than δt ∝ t2/3P t1/3, where tP is the reduced Planck time. Based on the Karolyhazy
relation, Maziashvili [22] discussed that the energy density of the metric fluctuations of
the Minkowski spacetime is given by ρΛ ∼ 1/(tP t)2 ∼ M2P t−2. Based on the Karolyhazy
relation [21] and Maziashvili arguments [22], Cai proposed the original ADE model to
explain the accelerated expansion of the universe [5]. The original ADE has the energy
density ρΛ = 3n
2M2PT
−2, where T is the age of the universe [5]. Also the numerical factor
3n2 is introduced to parameterize some uncertainties, such as the species of quantum
fields in the universe, the effect of curved spacetime (since the energy density is derived
for Minkowski spacetime), and so on. However, the original ADE model had some diffi-
culties. For example it suffers from the difficulty to describe the matter-dominated epoch.
Therefore, a new model of the ADE was proposed by Wei and Cai [23], while the time
scale is chosen to be the conformal time instead of the age of the universe. The energy
density of the new ADE (NADE) is given by [23]
ρΛ = 3n
2M2Pη
−2, (4)
where η is the conformal time of the FRW universe. The joint analysis of the astronomical
data for the NADE model in flat universe gives the best-fit value (with 1σ uncertainty)
n = 2.716+0.111
−0.109 [24]. It was found that the coincidence problem could be solved naturally
in the NADE model [24]. The ADE models have been examined and studied in ample
detail by [25, 26, 27]. More recently, very similar to the ECHDE model, the energy density
of the entropy-corrected NADE (ECNADE) was proposed by Wei [19] as
ρΛ = 3n
2M2Pη
−2 + αη−4 ln (M2Pη
2) + βη−4. (5)
In the special case α = β = 0, Eq. (5) yields the NADE density (4). The motivation for
taking the energy density of the modified NADE in the form (5) comes from the fact that
both the NADE and HDE models have the same origin. Indeed, it was argued that the
NADE models are the HDE model with different IR length scales [28]. The ECNADE
has been investigated in ample detail in [29].
One of among other interesting alternative proposals for DE is modified gravity. It can
explain naturally the unification of earlier and later cosmological epochs (for review see
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[30]). Moreover, modified gravity may serve as dark matter [31]. There are some classes of
modified gravities containing f(R), f(G) and f(R,G) which are considered as gravitational
alternatives for DE [32, 33, 34, 35]. Here the Lagrangian density of modified gravity
theories f is an arbitrary function of R, G or both R and G. The field equations of these
modified gravity theories are the 4th order that making it difficult obtain both exact and
numerical solutions. Recently, a new modified gravity model was proposed by Bengochea
and Ferraro [36] to describe the present accelerating expansion of the universe without
resorting to DE. Instead of using the curvature defined via the Levi-Civita connection
in GR, the Weitzenbo¨ck connection is used in teleparallel gravity [37]. As a result, the
spacetime has no curvature but contains torsion. Similar to GR where the action is a
curvature scalar R, the action of teleparallel gravity is a torsion scalar T . Following this
line and in analogy to the f(R) theory, Bengochea and Ferraro [36] suggested a new model,
named f(T ) theory, by generalizing the action of teleparallel gravity as a function of the
torsion scalar T , and found that it can explain the observed acceleration of the universe.
Indeed, there are some terms in the modified Friedmann equation in f(T )-gravity that
can be identified as the effective DE to produce the accelerated expansion of the late-
time universe [38, 39]. Models based on modified teleparallel gravity may also provide an
alternative to inflation [40]. Another advantage of f(T ) theory is that its field equations
are the second order which are remarkably simpler than the fourth order equations of
f(R) theory [41]. Recently, f(T )-gravity has been extensively studied in the literature
[38, 39, 41, 42, 43].
Viewing the f(T ) modified gravity model as an effective description of the underlying
theory of DE, and considering the original and entropy-corrected version of the HDE
and NADE scenarios as pointing in the direction of the underlying theory of DE, it is
interesting to study how the f(T )-gravity can describe the HDE, ECHDE, NADE and
ECNADE densities as effective theories of DE models. This motivated us to establish
different models of f(T )-gravity according to the original and entropy-corrected version
of the HDE and NADE scenarios. This paper is organized as follows. In section 2, we
review the theory of f(T )-gravity in the metric formalism. In sections 3, 4, 5 and 6,
we reconstruct different f(T )-gravity models corresponding to the HDE, ECHDE, NADE
and ECNADE models, respectively. Section 7 is devoted to our conclusions.
2 f(T ) modified teleparallel gravity
In the framework of f(T ) theory, the action of modified teleparallel gravity is given by
[36]
I =
1
2k2
∫
d4x e
[
f(T ) + Lm
]
, (6)
where k2 = M−2P = 8πG and e = det(e
i
µ) =
√−g. Also T and Lm are the torsion scalar
and the Lagrangian density of the matter inside the universe, respectively. Note that eiµ
is the vierbein field which is used as a dynamical object in teleparallel gravity and has
the following orthonormal property [36]
ei · ej = ηij, (7)
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where ηij = diag(1,−1,−1,−1). Each vector ei can be described by its components eµi ,
where i = 0, 1, 2, 3 refers to the tangent space of the manifold and µ = 0, 1, 2, 3 labels
coordinates on the manifold. The metric tensor is obtained from the dual vierbein as
gµν(x) = ηije
i
µ(x)e
j
ν(x). (8)
The torsion scalar T is defined as [36]
T = S µνρ T
ρ
µν , (9)
where the non-null torsion tensor T ρµν is
T ρµν = e
ρ
i (∂µe
i
ν − ∂νeiµ), (10)
and
S µνρ =
1
2
(Kµν ρ + δ
µ
ρT
αν
α − δνρT αµα). (11)
Also Kµν ρ is the contorsion tensor defined as
Kµν ρ = −
1
2
(T µνρ − T νµρ − T µνρ ). (12)
Taking the variation of the action (6) with respect to the vierbein, one can obtain the
field equations in f(T ) modified teleparallel gravity as [36]
S µνi ∂µ(T )fTT (T ) +
[
e−1∂µ(eS
µν
i )− eλi T ρµλS νµρ
]
fT (T ) +
1
4
eνi f(T ) =
k2
2
e ρi T
ν
ρ , (13)
where subscript T denotes a derivative with respect to T , S µνi = e
ρ
i S
µν
ρ and Tµν is the
matter energy-momentum tensor. The set of field equations (13) are the 2nd order which
makes them simpler than the corresponding field equations in the other modified gravity
theories like f(R), f(G) and f(R,G) [39].
Now if we consider the spatially-flat FRW metric for the universe as
gµν = diag
(
− 1, a2(t), a2(t), a2(t)
)
, (14)
where a is the scale factor, then from Eq. (8) one can obtain
eiµ = diag
(
1, a(t), a(t), a(t)
)
. (15)
Substituting the vierbein (15) into (9) yields [36]
T = −6H2, (16)
where H = a˙/a is the Hubble parameter.
Taking T µν = diag(−ρ, p, p, p) for the matter energy-momentum tensor in the prefect
fluid form and using the vierbein (15), the set of field equations (13) for i = 0 = ν reduces
to [36]
12H2fT (T ) + f(T ) = 2k
2ρ, (17)
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and for i = 1 = ν yields
48H2H˙fTT (T )− (12H2 + 4H˙)fT (T )− f(T ) = 2k2p. (18)
Here ρ and p are the total energy density and pressure of the matter inside the universe,
respectively, and satisfy the conservation equation
ρ˙+ 3H(ρ+ p) = 0. (19)
Note that Eqs. (17) and (18) are the modified Friedmann equations in the framework of
f(T )-gravity in the spatially-flat FRW universe. One can rewrite Eqs. (17) and (18) as
[39]
3
k2
H2 = ρ+ ρT , (20)
1
k2
(2H˙ + 3H2) = −(p + pT ), (21)
where
ρT =
1
2k2
(2TfT − f − T ), (22)
pT = − 1
2k2
[−8H˙TfTT + (2T − 4H˙)fT − f + 4H˙ − T ], (23)
are the torsion contribution to the energy density and pressure which satisfy the energy
conservation law
ρ˙T + 3H(ρT + pT ) = 0. (24)
In the case of f(T ) = T , from Eqs. (22) and (23) we have ρT = 0 and pT = 0. Therefore,
Eqs. (20) and (21) are transformed to the usual Friedmann equations in GR.
The equation of state (EoS) parameter due to the torsion contribution is defined as
ωT =
pT
ρT
= −1 + 4H˙(2TfTT + fT − 1)
2TfT − f − T
. (25)
Note that for the de Sitter universe, i.e. H˙ = 0, we have ωT = −1 which behaves like the
cosmological constant. Also for a f(T )-dominated universe, Eq. (20) yields
3
k2
H2 = ρT . (26)
Taking time derivative of the above relation and using the continuity equation (24), one
can get the EoS parameter as
ωT = −1 − 2H˙
3H2
, (27)
which shows that for the phantom-dominated, ωT < −1, and quintessence-dominated,
ωT > −1, universe, we need to have H˙ > 0 and H˙ < 0, respectively.
For a given a = a(t), with the help of Eqs. (22) and (23) one can reconstruct the
f(T )-gravity according to any DE model given by the EoS pT = pT (ρT ) or ρT = ρT (a).
There are two classes of scale factors which usually people consider for describing the
accelerating universe in f(R), f(G) and f(R,G) modified gravities [44].
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The first class of scale factors is given by [44, 45]
a(t) = a0(ts − t)−h, t ≤ ts, h > 0. (28)
Using Eqs. (16) and (28) one can obtain
H =
h
ts − t
, T = − 6h
2
(ts − t)2
, H˙ = − T
6h
, (29)
in which the last relation H˙ = −T/(6h) = H2/h > 0 shows that the model (28) is
corresponding to a phantom-dominated universe. This is why in the literature the model
(28) is usually so-called the phantom scale factor.
For the second class of scale factors defined as [44]
a(t) = a0t
h, h > 0, (30)
one can obtain
H =
h
t
, T = −6h
2
t2
, H˙ =
T
6h
, (31)
in which the last relation H˙ = T/(6h) = −H2/h < 0 reveals that the model (30) describes
a quintessence-dominated universe. Due to this fact, the model (30) is so-called the
quintessence scale factor in the literature.
In the next sections, using the two classes of scale factors (28) and (30), we reconstruct
different f(T )-gravities according to the HDE, ECHDE, NADE and ECNADE models.
3 Holographic f(T )-gravity model
Here we reconstruct the f(T )-gravity from the HDE model. Note that in Eq. (1), taking
L as the size of the current universe, for instance, the Hubble scale, the resulting energy
density is comparable to the present day DE. However, as Hsu found in [11], in this case,
the evolution of the DE is the same as that of dark matter (dust matter), and therefore
it cannot drive the universe to accelerated expansion. The same appears if one chooses
the particle horizon of the universe as the length scale L [4]. To obtain an accelerating
universe, Li [4] proposed that for a flat universe, L should be the future event horizon Rh.
Following Li [4] the HDE density with the IR cut-off L = Rh is given by
ρΛ =
3c2
k2R2h
, (32)
where the future event horizon Rh is defined as
Rh = a
∫
∞
t
dt
a
= a
∫
∞
a
da
Ha2
. (33)
For the first class of scale factors (28) and using Eq. (29), the future event horizon Rh
yields
Rh = a
∫ ts
t
dt
a
=
ts − t
h+ 1
=
h
h+ 1
(−6
T
)1/2
. (34)
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Inserting Eq. (34) into (32) one can get
ρΛ = −
γ
2k2
T, (35)
where
γ = c2
(
h+ 1
h
)2
. (36)
Equating (22) with (35), i.e. ρT = ρΛ, we obtain the following differential equation
2TfT − f + (γ − 1)T = 0. (37)
Solving Eq. (37) yields the holographic f(T )-gravity model as
f(T ) = ǫT 1/2 + (1− γ)T, (38)
where ǫ is an integration constant.
Substituting Eq. (38) into (25) one can obtain the EoS parameter of the torsion
contribution as
ωT = −1 −
2
3h
, h > 0, (39)
which is always smaller than −1 and corresponds to a phantom accelerating universe.
Recent observational data indicates that the EoS parameter ωT at the present lies in a
narrow strip around ωT = −1 and is quite consistent with being below this value [3].
For the second class of scale factors (30) and using Eq. (31), the future event horizon
Rh reduces to
Rh = a
∫
∞
t
dt
a
=
t
h− 1 =
h
h− 1
(−6
T
)1/2
, h > 1, (40)
where the condition h > 1 is obtained due to having a finite future event horizon. If we
repeat the above calculations then we can obtain the both f(T ) and ωT corresponding to
the HDE for the second class of scale factors (30). The result for f(T ) is the same as (38)
where
γ = c2
(
h− 1
h
)2
. (41)
Also the EoS parameter is obtained as
ωT = −1 +
2
3h
, h > 1, (42)
which describes an accelerating universe with the quintessence EoS parameter, i.e. ωT >
−1. It should be mentioned that for h > 1, the EoS parameter (42) also takes place in
the range of −1 < ωT < −1/3.
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4 Entropy-corrected holographic f(T )-gravity model
The ECHDE density (3) with the IR cut-off L = Rh yields
ρΛ =
3c2
k2R2h
+
α
R4h
ln
(
R2h
k2
)
+
β
R4h
. (43)
For the first class of scale factors (28), substituting Eq. (34) into (43) one can get
ρΛ = − γ
2k2
T +
1
2k2
[
σ + δ ln
(
−λ
T
)]
T 2, (44)
where
γ = c2
(
h+ 1
h
)2
, δ =
k2α
18
(
h+ 1
h
)4
,
λ =
6
k2
(
h
h+ 1
)2
, σ =
k2β
18
(
h+ 1
h
)4
. (45)
Equating (22) with (44) one can get
2TfT − f + (γ − 1)T −
[
σ + δ ln
(
−λ
T
)]
T 2 = 0. (46)
Solving the differential equation (46) yields the entropy-corrected holographic f(T )-gravity
model as
f(T ) = ǫT 1/2 + (1− γ)T + 1
3
{
σ + δ
[
2
3
+ ln
(
−λ
T
)]}
T 2, (47)
where ǫ is an integration constant.
Substituting Eq. (47) into (25) one can get
ωT = −1− 2
3h
[
1 +
(
δ − [σ + δ ln (− λ
T
)]
γ − [σ + δ ln (− λ
T
)]T
)
T
]
, h > 0. (48)
If we set δ = 0 = α and σ = 0 = β then Eqs. (47) and (48) reduce to (38) and (39),
respectively.
Note that the time-dependent EoS parameter (48) in contrast with constant EoS
parameter (39) can justify the transition from the quintessence state, ωT > −1, to the
phantom regime, ωT < −1, as indicated by recent observations [46]. To illustrate this
transition in ample detail, the EoS parameter of the entropy-corrected holographic f(T )-
gravity model, Eq. (48), versus redshift z = a0
a
− 1 for the first class of scale factors, Eq.
(28), is plotted in Fig. 1. Note that the torsion scalar T can be expressed in terms of
redshift z. For the first class of scale factors (28) one can obtain
T = − 6h
2
(ts − t)2
= − 6h
2
(1 + z)2/h
.
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Figure 1 presents that for a set of free parameters c = 0.818 [10], α = −5, β = 0.1 and
h = 0.55, ωT crosses the −1 line twice. At the transition redshift zT ≃ 0.75, we have
a direct transition from ωT > −1 (quintessence phase) to ωT < −1 (phantom phase).
Whereas at zT ≃ 1.20, the crossing direction is opposite, i.e. ωT < −1 → ωT > −1.
Crossing the −1 line twice in the direct and opposite transitions is in agreement with that
obtained recently for some f(T )-gravity models [47].
Considering Eqs. (48) and (44) it seems that at T = γ
σ+δ ln(−λ/T )
, a singularity in ωT
and a change of sign in ρΛ appear. Regarding ωT , Fig. 1 shows that the EoS parameter
of the entropy-corrected holographic f(T )-gravity model, Eq. (48), does not show any
singularity.
To check the change of sign in ρΛ given by Eq. (44), we plot it in Fig. 2. Figure 2
clears that for the first class of scale factors although a future Big Rip singularity in the
ECHDE density (ρΛ →∞) occurs at z → −1 (or t→ ts), the sign of ρΛ does not change.
Also the EoS parameter remains finite at the future Big Rip singularity when z → −1 (see
again Fig. 1). It is also interesting to note that Fig. 2 presents that the local minimum
and maximum points of ρΛ occur at the transition redshifts when ωT = −1 (see Fig. 1).
This can also be shown analytically. From Eq. (22), dρT/dT = 0 yields
2TfTT + fT − 1 = 0.
Inserting the above relation into Eq. (25) gives ωT = −1.
For the second class of scale factors (30), the resulting f(T ) is the same as Eq. (47)
where
γ = c2
(
h− 1
h
)2
, δ =
k2α
18
(
h− 1
h
)4
,
λ =
6
k2
(
h
h− 1
)2
, σ =
k2β
18
(
h− 1
h
)4
. (49)
Also the EoS parameter is obtained as
ωT = −1 +
2
3h
[
1 +
(
δ − [σ + δ ln (− λ
T
)]
γ − [σ + δ ln (− λ
T
)]T
)
T
]
, h > 1. (50)
Here also in order to make Rh be finite, the parameter h should be in the range of h > 1.
One notes that the dynamical EoS parameter (50) in contrast with the constant EoS
parameter (42) can accommodate the transition from ωT > −1 to ωT < −1 at recent
stage. Figure 3 displays the evolution of the EoS parameter of the entropy-corrected
holographic f(T )-gravity model, Eq. (50), versus redshif z for the second class of scale
factors, Eq. (30). In this case, the torsion scalar T can be expressed in terms of redshift
z as
T = −6h
2
t2
= −6h2(1 + z)2/h.
Figure 3 like Fig. 1 shows that the −1 line is crossed twice for another values set of the
free parameters, c = 0.818 [10], α = −13, β = 12 and h = 1.31. At zT ≃ 0.26 we have a
direct transition (i.e. ωT > −1 → ωT < −1). Also an opposite transition occurs in the
future at zT ≃ −0.37. Furthermore, Fig. 3 clears that there is no any singularity in the
dynamical EoS parameter (50). Note that also the sign of the ECHDE density (43) for
the second class of scale factors (30) remains unchanged (see Fig. 4).
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5 New agegraphic f(T )-gravity model
For the NADE density [23]
ρΛ =
3n2
k2η2
, (51)
the conformal time η of the FRW universe is defined as
η =
∫
dt
a
=
∫
da
Ha2
. (52)
For the first class of scale factors (28), the conformal time η by the help of Eq. (29) yields
η =
∫ ts
t
dt
a
=
(ts − t)h+1
a0(h+ 1)
=
hh+1
a0(h+ 1)
(−6
T
)h+1
2
. (53)
Substituting Eq. (53) into (51) gives
ρΛ =
γ
2k2
T h+1, (54)
where
γ =
6n2a20(h+ 1)
2
(−6h2)h+1 . (55)
Equating (22) with (54) yields
2TfT − f − T − γT h+1 = 0. (56)
Solving Eq. (56) results in the new agegraphic f(T )-gravity model as
f(T ) = ǫT 1/2 + T +
γ
1 + 2h
T h+1, (57)
where ǫ is an integration constant. Inserting Eq. (57) into (25) gives
ωT = −1−
2(h+ 1)
3h
, h > 0, (58)
which is always smaller than −1 like the EoS parameter of the holographic f(T )-gravity
model (39), and it behaves as a phantom type DE.
For the second class of scale factors (30) and using (31), the conformal time η is
obtained as
η =
∫ t
0
dt
a
=
t1−h
a0(1− h)
=
h1−h
a0(1− h)
(−6
T
) 1−h
2
, 0 < h < 1, (59)
where the condition h < 1 is necessary due to having a finite conformal time. The resulting
f(T ) is
f(T ) = ǫT 1/2 + T +
γ
1− 2hT
1−h, (60)
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where
γ =
6n2a20(1− h)2
(−6h2)1−h . (61)
Also the EoS parameter of the new agegraphic f(T )-gravity model is obtained as
ωT = −1 +
2(1− h)
3h
, 0 < h < 1, (62)
which shows a quintessence-like EoS parameter ωT > −1. Here in order to have −1 <
ωT < −1/3, the parameter h should be in the range of 1/2 < h < 1.
6 Entropy-corrected new agegraphic f(T )-gravity model
Here, we reconstruct the f(T )-gravity model corresponding to the ECNADE density [19]
ρΛ =
3n2
k2η2
+
α
η4
ln
(
η2
k2
)
+
β
η4
, (63)
which closely mimics to that of the ECHDE density (43) and Rh is replaced with the
conformal time η.
For the first class of scale factors (28), substituting Eq. (53) into (63) one can get
ρΛ =
γ
2k2
T h+1 +
1
2k2
[
σ + δ ln
(
λ
T h+1
)]
T 2(h+1), (64)
where
γ =
6n2a0
2(h+ 1)2
(−6h2)h+1 , δ =
2k2αa0
4(h+ 1)4
(−6h2)2(h+1)
,
λ =
(−6h2)h+1
k2a02(h+ 1)
2 , σ =
2k2βa0
4(h + 1)4
(−6h2)2(h+1)
. (65)
Equating (22) with (64) gives
2TfT − f − T − γT h+1 −
[
σ + δ ln
(
λ
T h+1
)]
T 2(h+1) = 0. (66)
Solving the differential equation (66) one can obtain the entropy-corrected new agegraphic
f(T )-gravity model as
f(T ) = ǫT 1/2 + T +
γ
1 + 2h
T h+1
+
1
3 + 4h
{
σ + δ
[
2(1 + h)
3 + 4h
+ ln
(
λ
T h+1
)]}
T 2(h+1), (67)
where ǫ is an integration constant.
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Inserting Eq. (67) into (25) yields
ωT = −1 −
2
3
(
h + 1
h
) [
1 +
( −δ + [σ + δ ln ( λ
Th+1
)]
γ + [σ + δ ln ( λ
Th+1
)]T h+1
)
T h+1
]
, h > 0. (68)
If we set δ = 0 = α and σ = 0 = β then Eqs. (67) and (68) reduce to (57) and
(58), respectively. Note that the time-dependent EoS parameter (68) in contrast with
constant EoS parameter (58) can justify the transition from ωT > −1 to ωT < −1. Figure
5 illustrates the EoS parameter of the entropy-corrected new agegraphic f(T )-gravity
model, Eq. (68), for the first class of scale factors, Eq. (28). Here for a values set of free
parameters n = 2.716 [24], α = −7.5, β = −14.8 and h = 2.5, the direct and opposite
transitions occur at zT ≃ 0.82 and 1.44, respectively. Besides, Fig. 5 reveals that there
is no any singularity in the dynamical EoS parameter (68). Note that here also the sign
of the ECNADE density (64) for the first class of scale factors (28) does not change (see
Fig. 6).
For the second class of scale factors (30), the resulting f(T ) is the same as Eq. (67)
where
γ =
6n2a0
2(1− h)2
(−6h2)1−h , δ =
2k2αa0
4(1− h)4
(−6h2)2(1−h)
,
λ =
(−6h2)1−h
k2a02(1− h)2
, σ =
2k2βa0
4(1− h)4
(−6h2)2(1−h)
. (69)
Also the EoS parameter can be obtained as
ωT = −1 + 2
3
(
1− h
h
)[
1 +
( −δ + [σ + δ ln ( λ
T 1−h
)]
γ + [σ + δ ln ( λ
T 1−h
)]T 1−h
)
T 1−h
]
, 0 < h < 1. (70)
Here also in order to have a finite conformal time η, the parameter h should be in the
range of 0 < h < 1. Contrary to the constant EoS parameter (62), the dynamical EoS
parameter (70) can accommodate the transition from ωT > −1 to ωT < −1 at recent
stage. Figure 7 presents the evolution of the EoS parameter of the entropy-corrected
new agegraphic f(T )-gravity model, Eq. (70), for the second class of scale factors, Eq.
(30). Here also like Fig. 5, for another values set of the free parameters, n = 2.716 [24],
α = −44, β = −10 and h = 0.5, ωT crosses the −1 line twice at zT ≃ 0.29 and −0.19
corresponding to the direct and opposite transitions, respectively. Besides, Fig. 7 presents
that there is no any singularity in the dynamical EoS parameter (70). Note that here also
the sign of the ECNADE density (63) for the second class of scale factors (30) does not
change (see Fig. 8).
7 Conclusions
Here, we considered the original and entropy-corrected version of the HDE and NADE
models. Among various candidates explaining cosmic accelerated expansion, only the
HDE and NADE models are based on the entropy-area relation. However, this definition
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can be modified by the inclusion of quantum effects, motivated from the LQG. Hence the
ECHDE and ECNADE were introduced by addition of correction terms to the energy
densities of the HDE and NADE, respectively [19].
We investigated the HDE, ECHDE, NADE and ECNADE in the framework of f(T )-
gravity. Among other approaches related with a variety of DE models, a very promising
approach to DE is related with the modified teleparallel gravity known as f(T )-gravity, in
which DE emerges from the modification of torsion. The class of f(T )-gravity theories is
an intriguing generalization of Einstein’s new GR, taking a curvature-free approach and
using a connection with torsion. It is analogous to the f(R) extension of the Einstein-
Hilbert action of standard GR, but has the advantage of the second order field equations
[42]. We reconstructed different theories of modified gravity based on the f(T ) action in
the spatially-flat FRW universe for two classes of scale factors containing i) a = a0(ts−t)−h
and ii) a = a0t
h and according to the original and entropy-corrected version of the HDE
and NADE scenarios. Furthermore, we obtained the EoS parameters of the correspond-
ing f(T )-gravity models. Our calculations show that for the first class of scale factors,
the EoS parameters of the holographic and new agegraphic f(T )-gravity models always
behave as that of phantom DE. Whereas for the second class, the EoS parameters of the
above-mentioned models behave like quintessence EoS parameter. The EoS parameters of
the entropy-corrected holographic and new agegraphic f(T )-gravity models can cross the
phantom-divide line twice. For the first class of scale factors a = a0(ts− t)−h, the EoS pa-
rameters of both entropy-corrected holographic and new agegraphic f(T )-gravity models
have an opposite transition (ωT < −1→ ωT > −1) in the far past and a direct transition (
ωT > −1→ ωT < −1) in the near past. For the second class of scale factors a = a0th, the
EoS parameters of both entropy-corrected holographic and new agegraphic f(T )-gravity
models have a direct transition in the near past and an opposite transition in the future. It
is interesting to note that the direct transition from the non-phantom phase to the phan-
tom one in the near past is consistent with the recent cosmological observational data [46].
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Figure 1: The EoS parameter of the entropy-corrected holographic f(T )-gravity model,
Eq. (48), versus redshift for the first class of scale factors, Eq. (28). Auxiliary parameters
are: c = 0.818 [10], α = −5, β = 0.1 and h = 0.55.
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Figure 2: The ECHDE density, Eq. (44), versus redshift for the first class of scale factors,
Eq. (28). Auxiliary parameters as in Fig. 1.
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Figure 3: The EoS parameter of the entropy-corrected holographic f(T )-gravity model,
Eq. (50), versus redshift for the second class of scale factors, Eq. (30). Auxiliary param-
eters are: c = 0.818 [10], α = −13, β = 12 and h = 1.31.
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Figure 4: The ECHDE density, Eq. (43), versus redshift for the second class of scale
factors, Eq. (30). Auxiliary parameters as in Fig. 3.
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Figure 5: The EoS parameter of the entropy-corrected new agegraphic f(T )-gravity model,
Eq. (68), versus redshift for the first class of scale factors, Eq. (28). Auxiliary parameters
are: n = 2.716 [24], α = −7.5, β = −14.8 and h = 2.5.
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Figure 6: The ECNADE density, Eq. (64), versus redshift for the first class of scale
factors, Eq. (28). Auxiliary parameters as in Fig. 5.
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Figure 7: The EoS parameter of the entropy-corrected new agegraphic f(T )-gravity model,
Eq. (70), versus redshift for the second class of scale factors, Eq. (30). Auxiliary param-
eters are: n = 2.716 [24], α = −44, β = −10 and h = 0.5.
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Figure 8: The ECNADE density, Eq. (63), versus redshift for the second class of scale
factors, Eq. (30). Auxiliary parameters as in Fig. 7.
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